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Agenda
 

Building a learning sepsis system at KPNC 

Fluid management in sepsis 

Sepsis care: the KP Northern California experience 
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Kaiser Permanente Northern California
 
A highly integrated healthcare delivery system 

By the numbers: 

• 4.1 million patients 

• 9,000 physicians 

• 16,000 nurses 

• 21 hospitals 
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Sepsis: a matter of public health
Common, costly, and deadly 

• Affects >1.5m Americans and ~30m people worldwide annually; 

• Associated with US healthcare costs of $20 billion each year; 

• Is a factor in at least 1 in every 3 US hospital deaths; 

• Results in long-term functional and cognitive decline; 

• Is one of the most common reasons for rehospitalization; 

• Is poorly recognized and understood by the public. 

Hershey/Kahn (NEJM 2017); Liu et al (JAMA 2013); Iwashyna et al (JAMA 2010); Mayr et al (JAMA 2017) 
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Sepsis: a matter of local health

A key driver of inpatient outcomes 

Mortality Diagnostic 
(2008) 

Sepsis implicated in 
>50% of deaths @ KP 

TPMG, KFH &
 
Moore Foundation
 

Support
 

Regional Sepsis 
QI Program (2009) 

Systems-level sepsis 
program rollout Intermediate 

Lactate Care (2012) 

Protocol development for 
high-risk non-EGDT pts. 

Sepsis QI Program 
Updating (2014) 

Based on new RCTs and 
PRISM analysis Adapting to CMS 

SEP1 Metric (2015) 

Identifying optimal 
approach for best care 

Sepsis Timeline @ KPNC 

Liu/Morehouse et al (JHM 2016) 
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Sepsis: coordinated implementation
Four key elements 

Standardization 

Leadership 

Alignment
 

Data 

Project 
Management 
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Sepsis: coordinated implementation
Leadership Alignment 

Regional Local 

Hospital Leadership Hospital Leadership 

SEPSIS 
SUMMIT 

Medical Center Regional 
Steering Committee Sepsis Faculty 

Peer Groups
 
(MD, RN, Quality, …)
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Sepsis: coordinated implementation

Standardization 

Develop Teams 

Room / Bed # __________ __ 
ADDRESSOGRAPH 

EARLY GOAL DIRECTED THERAPY EGDT) 
ED AND CU ORDERSET P g  of 4 
X Check box to activate an order 

Kaiser Foundation Hospital - San Jose 

Mark chart: Allergic to ___________________________________________         No Known Allergies 
Weight _______(kg)            Height______  Check if applies: Pregnant   Lactating 

ED ORDERS ICU ORDERS 

 Administer oxygen titrate FiO2 to maintain SpO2 between 90-94%. 
Notify physician if patient requires over 50% FiO2 via face mask or 
more than 10% increase in 1 hour to achieve needed goal 
 ___________________, RN ______________(Date/Time) 

 Insert Foley catheter 
 ___________________, RN ______________(Date/Time) 

VITAL SIGNS 
 Measure intake and output hourly 
 ___________________, RN ______________(Date/Time) 

 Record vital signs (heart rate, blood pressure, respiratory rate, 
SpO2) per unit standards and as needed 
 ___________________, RN ______________(Date/Time) 

 Measure central venous pressure (CVP) every 30 minutes until 
goal has been achieved and for at least 2 hours after goal has been 
reached, then monitor per unit standards and as needed 
 ___________________, RN ______________(Date/Time) 

 Monitor mixed venous oxygen saturation (ScvO2 ) continuously 
 ___________________, RN ______________(Date/Time) 

 Continue   Discontinue 

 Continue   Discontinue 

 Continue   Discontinue 

 Continue   Discontinue 

 Continue   Discontinue 

 Continue  Discontinue 

EMERGENCY DEPARTMENT DRAFT 
ED NURSES FLOW SHEET 

Date _________________________________   Pg__ of __ 

Time BP P R T GC S* MAP* FiO2/ CVP RASS* Intervention 

Score Charact er 
(EMV) 

SCVO2 
SpO2 mm/Hg Score Note actions taken in response to the findings on 

the left. 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

INTAKE      PARENTERAL FLUIDS 

Time        TYPE         AMOUNT Time   TYPE    AMOUNT Time # SITE 
GAUGE  TYPE     STARTED  ABSORBED 

TO TALS 

Initals Signature/Title Initials Signature/Title Initials Signature/Title 

OUTPUT 

Pain* 

Addressograph Tools and Equipment 

 Aggressive fluid 
resuscitation 
 Within 1 hr: Start 

ABX 
Within 2 hrs: 
Central Line Placed 

 Aggressive fluid 
resuscitation 
 Within 1 hr: Start 

ABX 
Within 2 hrs: 
Central Line Placed 

CVP 8-12? 

MAP ≥ 65? 

ScvO2 ≥70? 

8-12 

≥ 65 

≥ 70 

500 to 1000 ml Fluid 
boluses q 30 min 

Norepinephrine 

If Hct low, 
transfuse to 30 

<8-12 

< 65 

<70 

<70 

Dobutamine 

D 
I 
R 
E 
C 
T 
E 
D 

T 
H 
E 
R 
A 
P 
Y 

E A R L Y   G O A L 
Diagnosis of 
Severe Sepsis or 
Septic Shock 

D agnos s of 
Severe Sepsis or 
Sept c Shock 

Lower 
Lactate 

56% 

58% 

Plan Handoffs 

Triage to 
ED Room 

ED MD 
to HBS 

ED RN to 
ICU RN 

HBS and 
Intensivist 

Pr
es

en
ta

tio
n

Lo
w

er
 L

ac
ta

te
 

Adopt Algorithms 

47%    
44%    
84%    
37%    
69%    
91%    
29%    
85%    
32%    
77%    
37%    
99%    
80%    
36%    
63%    
66%    

   

Measure 
& PDSA 

Sepsis Care 

Lactates Sepsis Implementation 

Lactates on ED 
Blood Cultures T

ea
m

T
ra

in
in

g

A
bx

 in
 1

 h
r

C
L 

in
 2

 h
rs

 

100% 0% 0% 0% 

55%    

DENOM 

Train 
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Sepsis: coordinated implementation
Standardization 

Playbooks to Expedite Spread 

 Aim 
 Standardized Processes 
 Compelling Story, presentations 
 Implementation Tools 
 Assembling your team - optimal 

membership 
 Checklists, sample agendas 
 Training materials for MDs and staff 
 Implementation timelines and measures 
 Implementation, process and outcome 

measurement strategy 

Early Goal Directed Therapy 

Playbook 

NCAL Sepsis Summit 
November 12, 2008 
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Sepsis: coordinated implementation
Standardization 

Hardwire Orders in the EMR 

 Standardize order sets in EMR with 
antibiotics guide 

 Standardize hemodynamic 
flowsheets with “Time Zero” 

 Best practice alert to prompt lactate 
order with blood culture 

 Automatic order of serial lactate in 
all admission order sets when 
lactate elevated 
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Sepsis: coordinated implementation

Project Management 

Changes That
 
Result in
 

Improvement
 

A P
S D
A P 
S D 

A
PS

D

A
PS

D 

A P
S D
A P 
S D 

DATA 

Follow-up 

Tests of Change 

D SD
P AP 

S
A Implementation 

Very Small 
Scale Test 

Tests 

Wide-Scale 
of Change 

Managers and champions are not 
project managers 

Regional project managers /mentors 
•	 Project manage at regional level 
•	 Mentor Improvement Advisors at the 

Medical Center 
•	 Run collaborative & Conduct site visits 
•	 Monthly Newsletter & Website 

Medical Center Improvement Advisors
 
•	 Run tests of change 
•	 Oversee local project management 
•	 Support local champions 
•	 Regional IA meetings 
•	 Provide local-regional feedback 
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Sepsis: coordinated implementation
Project Management 

Collaboration: learning from those that 
leap ahead! 

•	 Sepsis alerts 
•	 Intermediate Critical Lactates 
•	 Co-locating blood culture and lactate 

tubes 
•	 IL and High Risk Bundles on CQC 
•	 Handoff tools 
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Sepsis: coordinated implementation

Project Management 

Quality of Team Function
•	 Participation in sepsis 

multidisciplinary team
meetings 

•	 Discuss the status of the 
unit (huddles; check-ins) 

•	 Sepsis team meeting 
minutes (discussion of
barriers) 

•	 Review of performance data
 

Partnering with frontline staff

• Can staff verbalize sepsis 


screening criteria?
 
•	 Do they exhibit awareness

of bundle elements and 
are they comfortable 
advocating for this 
treatment? 

• Are staff knowledgeable
 
about performance?
 

•	 Do they feel valued? 
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Sepsis 
Respiratory 

Genitourinary 

Sepsis: coordinated implementation

Data: to quantify changes in sepsis recognition 
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Sepsis: coordinated implementation
Data: to assess changes in use of lactate (prognostic marker)
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Sepsis: coordinated implementation
Data: to evaluate changes in sepsis risk-adjusted mortality
 

1st Sepsis Summit1st Sepsis Summit 
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Sepsis: coordinated implementation
Data: to quantify changes in hospital-wide risk-adjusted mortality
 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 

2006 2007 2008 2009 2010 2011 2012 2013 

Hospital Standardized Mortality Ratio (HSMR)
Rolling 12 months 

KP Northern California 
US Medicare Overall 

Sepsis PI Initiation 
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Sepsis: driving new discovery

Moving beyond EGDT 

Mortality Diagnostic 
(2008) 

Sepsis implicated in 
>50% of deaths @ KP 

Regional Sepsis 
QI Program (2009) 

Systems-level sepsis 
program rollout Intermediate 

Lactate Care (2012) 

Protocol development for 
high-risk non-EGDT pts. 

Sepsis QI Program 
Updating (2014) 

Based on new RCTs and 
PRISM analysis Adapting to CMS 

SEP1 Metric (2015) 

Identifying optimal 
approach for best care 

Sepsis Timeline @ KPNC 

Liu/Morehouse et al (JHM 2016) 
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Sepsis: intermediate lactate patients

Intermediate risk patients and hospital mortality 

Non-EGDT eligible 
Lactate Level 

EGDT-
eligible 

Normal Intermediate None 

Mortality 
rate, % 5.3% 8.9% 10.6% 23.3% 

% of all 
sepsis 
deaths 

26.3% 29.6% 11.6% 22.6% 

Liu et al (JAMA 2014)
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Sepsis: intermediate lactate patients
Leveraging data from a large population of KPNC sepsis patients 


Study design Sample size 

Shapiro et al Prospective 267 

Howell et al Prospective 246 

Trzeciak et al Prospective 238 

Mikkelsen et al Retrospective 415 

Glickman et al Prospective 138 

Song et al Retrospective 474 

Arnold et al Prospective 94 

Liu et al Retrospective 9,190 

Puskarich et al (J Crit Care 2014)
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Lactate kinetics are 
strongly associated 
with hospital mortality 

Sepsis: intermediate lactate patients
Leveraging data from a large population of KPNC sepsis patients 


Liu/Morehouse et al (Annals ATS 2013)
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Sepsis: intermediate lactate patients
Leveraging data from a large population of KPNC sepsis patients 


U-shaped association 
between fluid volume 
received and hospital 
mortality, with a plateau 
between 15-45 mL/kg 

Liu/Morehouse et al (Annals ATS 2013) 

15 22.5 30 37.5 45 
mL/kg 
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Sepsis: intermediate lactate patients
Instituting a bundle based on best evidence and sepsis principles
 

Intermediate Lactate 
Sepsis bundle  ~6,000 patients/year 

Normotensive sepsis +  Evaluation of outcomes over a 
short interval Lactate 2 – 3.9 

 2 Liters or 30 cc/kg IVF  Clinicians requested specific 
evaluation of patients at risk  Early antibiotics for iatrogenic fluid overload

 Repeat lactate (CHF or CKD patients) 
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Sepsis: intermediate lactate patients

Bundle compliance before and after implementation
 

24 June 2, 2017 |  © 2011 Kaiser Foundation Health Plan, Inc. For internal use only. 



            

 
 

  

     

 

      
       

            

      

       
            

       

       

 

   

Sepsis: intermediate lactate patients

Outcomes stratified by history of CHF or CKD 

Mortality before and after IL Bundle Implementation 

2013 P-value 

Mortality (%) 

All patients (hospital) 18,122 8.8 9.3 7.9 0.02 
All patients (30-day) 13.7 14.1 12.6 0.03 

CHF/CKD (hospital) 8,322 10.7 12.5 8.7 <0.01 

CHF/CKD  (30-day) 16.8 18.3 14.5 <0.01 

No CHF/CKD (hospital) 9,800 7.4 6.5 7.2 0.40 

No CHF/CKD (30-day) 11.3 10.5 10.8 0.60 

IL Bundle Implementation 

n 2011 2012 

Liu et al (AJRCCM 2015) 
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Sepsis: intermediate lactate patients

Outcomes stratified by history of CHF or CKD 

Patients with HF or CKD history Patients without HF or CKD history 

Increase in 
fluids given 
around 2L 

Liu et al (AJRCCM 2015)
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Sepsis: driving new discovery

Moving beyond EGDT 

Mortality Diagnostic 
(2008) 

Sepsis implicated in 
>50% of deaths @ KP 

Regional Sepsis 
QI Program (2009) 

Systems-level sepsis 
program rollout Intermediate 

Lactate Care (2012) 

Protocol development for 
high-risk non-EGDT pts. 

Sepsis QI Program 
Updating (2014) 

Based on new RCTs and 
PRISM analysis Adapting to CMS 

SEP1 Metric (2015) 

Identifying optimal 
approach for best care 

Sepsis Timeline @ KPNC 

Liu/Morehouse et al (JHM 2016) 
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Sepsis: where are we today?

How do we best treat sepsis patients…. 

EGDT 

PRISM 

Sepsis-3 
NYS Data 

What’s Next?!?! 
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Sepsis: where are we today?

Trends in sepsis mortality over 2 decades
 

Stevenson et al (CCM 2014) 
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Sepsis: where are we today?
Principles for best sepsis care 

 Educate your hospital staff about the massive impact that sepsis has on 
morbidity, mortality, cost, and utilization 

 Develop a multidisciplinary team to deliver standardized, coordinated, 
and rapid sepsis care 

 Aim to accelerate the identification of sepsis patients, particularly those 
at high risk for adverse outcomes 

 Focus on source control through early antibiotics 
 Build a data infrastructure that allows you to assess how sepsis program 

investments impact outcomes 

 Fluids are frequently needed for sepsis patients, but recognize that they 
can have side effects 

 Use dynamic clinical judgment, with ongoing patient reassessment 
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Sepsis: fluid management
Schematic of physiologic changes after fluid resuscitation
 

Marik and Bellomo (BJA 2015) 
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Sepsis: fluid management

Changes in 72h fluid totals over time
 

Marik and Bellomo (BJA 2015) 
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Sepsis: fluid management
IV fluid type 

IV Fluid Type 
 No role for hydroethyl starch which 

was associated with increased 
mortality 

 RCT data finds no definite benefit from 
albumin versus crystalloid 

 However, there is evidence favoring 
improved mortality with albumin in 
certain subgroups – so, additional 
study needed 

 There is evidence suggesting mortality 
benefit from balanced crystalloids; 
additional study is needed 

 No clear reduction in renal 
replacement therapy 
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Sepsis: fluid management

IV fluid timing 

Seymour et al (NEJM 2017) 
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Sepsis: fluid management

Frequent reassessment after IV fluids 


Dunser et al (Crit Care 2013) 
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Sepsis: where are we today?
Principles for best sepsis care 

 Educate your hospital staff about the massive impact that sepsis has on 
morbidity, mortality, cost, and utilization 

 Develop a multidisciplinary team to deliver standardized, coordinated, 
and rapid sepsis care 

 Aim to accelerate the identification of sepsis patients, particularly those 
at high risk for adverse outcomes 

 Focus on source control through early antibiotics 
 Build a data infrastructure that allows you to assess how sepsis program 

investments impact outcomes 
 Fluids are frequently needed for sepsis patients, but recognize that they 

can have side effects 
 Use dynamic clinical judgment, with ongoing patient reassessment 
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  Sepsis: where are we today?
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Sepsis: where are we going tomorrow?

Frontiers of sepsis care 
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Thank you
 

Email: 
vincent.x.liu@kp.org 
john.w.morehouse@kp.org 
carmen.l.adams@kp.org 

Funders: 
NIH/NIGMS K23GM112018 (VL) 
Gordon & Betty Moore Foundation 
The Permanente Medical Group 
Kaiser Foundation Health Plan 
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